Objective To retrospectively compare the long-term clinical, functional, and cost outcomes for early RA patients (symptoms < 1 year) who did or did not achieve early remission in a treat-to-target strategy.
Introduction
Early diagnosis with prompt initiation of disease-modifying antirheumatic drugs (DMARDs), tight control monitoring of disease activity, and treatment adjustments aiming at the target of clinical remission, or at least low disease activity, is currently considered the standard of care in the management of rheumatoid arthritis (RA) [1] . Clinical trials have provided consistent evidence that this so-called treat-to-target (T2T) strategy results in superior clinical outcomes compared with routine care and enhances long-term functional and quality of life outcomes [2, 3] . More recently, observational cohort studies have demonstrated that implementation of T2T is also realistic in daily clinical practice [4] [5] [6] and results in improved short-and long-term outcomes, similar to those found in clinical trials [7] .
Despite these promising results, the effects of T2T vary among patients [8] and a relevant proportion of patients may still experience poor long-term outcomes [2] . Unfortunately, not much is currently known about factors associated with good long-term outcomes. One of these factors may be the time needed to achieve remission. Previous studies in early RA patients receiving different treatments have repeatedly found that early good response or remission was associated with sustained remission [9, 10] , better long-term clinical and radiographic outcome [11, 12] , and even decreased all-cause mortality [13] . This is consistent with the Bwindow of opportunity^concept, which suggests that the long-term disease process can be altered by early successful disease control [14] .
With the exception of the study by Bakker et al. [12] , however, these studies were not performed specifically in Btrueê arly RA patients already being treated to the target of remission. Moreover, the long-term benefits of achieving early remission in terms of patient-reported outcomes and actual costs in real-world T2T settings in this population are still unknown. Finally, previous studies have not explored if rapidity to achieve early remission (e.g., achieving remission within 2 months vs. 6 months) matters in the long term. Therefore, the objective of the current study was to, retrospectively, compare the long-term clinical, functional, and cost outcomes for early RA patients who did or did not achieve early remission in a real-world treat-to-target strategy.
Methods

Data selection and study design
Data were used from early RA patients included in the observational, multicenter Dutch RhEumatoid Arthritis Monitoring (DREAM) remission induction cohort [4, 5, 7] . In this observational, multicenter T2T strategy study, adult patients with a clinical diagnosis of RA (made by an experienced rheumatologist) were included if they had a symptom duration (time from the first reported symptom to the diagnosis of RA) ≤ 1 year, at least moderate disease activity (28-joint Disease Activity Score using erythrocyte sedimentation rate (DAS28-ESR) ≥ 2.6) [15] and had not previously received DMARDs and/or prednisolone. Patients were included at the time of the clinical diagnosis and started T2T immediately. The remission induction cohort study is registered in the Dutch trial register (NTR578).
Patients were recruited in this cohort from January 2006 until 2012, and follow-up is still ongoing. For the current retrospective study, patients with at least 5 years of followup data at the time of analysis (i.e., patients that were included before September 2010) were selected. Healthcare resource usage costs were available for a subset of patients for whom these data were collected as part of a previous study [16] . These data were collected over the first 2 years of treatment for some patients (n = 257) and the first 3 years for other patients (n = 124), depending on the time of inclusion in the study.
Treat-to-target protocol
Patients were treated to the target of remission using a step-up medication scheme (Fig. 1) . Remission was defined as DAS28-ESR < 2.6. Patients were evaluated at baseline and after 8, 12, 20, 24, 36, and 52 weeks and every 3 months thereafter. Medication strategy advised adjustments of Fig. 1 Treatment protocol. *At the time of the study, tumor necrosis factor inhibitors were only reimbursed for patients with at least moderate disease activity. DAS28 Disease Activity Score based on 28-joint count (calculated using the erythrocyte sedimentation rate), MTX methotrexate, SSZ sulfasalazine DMARDs based on the DAS28-ESR, with intensification of treatment if the predefined targets had not been met. The first step was starting methotrexate (MTX) monotherapy in a weekly dose of 15 mg. The dosage was increased to 25 mg/ week in week 8 in case of insufficient response (DAS28-ESR ≥ 2.6). Prescription of folic acid was advised weekly at least 24 h after MTX intake. In case of uncontrolled disease activity (DAS28-ESR ≥ 2.6) in week 12, sulfasalazine (SSZ) was added, starting at a dosage of 2000 mg/day and if necessary increased to 3000 mg/day at week 20. In accordance with the national reimbursement guidelines at the time of the study, which required RA patients to have at least moderate disease activity for initiation of biologic treatment, tumor necrosis factor inhibitor (TNFi) treatment was prescribed at week 24 or later, when remission or low disease activity was not met (DAS28-ESR remained ≥ 3.2). In these cases, SSZ was replaced with subcutaneous administration of 40 mg of adalimumab biweekly. At week 36, the frequency of TNFi was increased to adalimumab 40 mg/week for patients with DAS28-ESR ≥ 2.6. At 1 year, or later when applicable, adalimumab was exchanged for etanercept 50 mg/week for patients with DAS28 ≥ 3.2. If at any time point, the target of DAS28-ESR < 2.6 was reached, medication was left unchanged. In the case of sustained remission (DAS28 < 2.6 for ≥ 6 months), medication was tapered and eventually stopped [17] . In the case of a disease flare (DAS28 ≥ 2.6), the last effective medication or medication dose was prescribed again and treatment could subsequently be intensified if necessary at the discretion of the attending rheumatologist. Obviously, deviations of this strategy were allowed in individual patients with contraindications for specific drugs, although adherence to the treatment strategy as observed was overall very high [18] . Concomitant treatment with non-steroidal antiinflammatory drugs, prednisolone at a dosage of ≤ 10 mg/day, and intra-articular corticosteroid injections was permitted.
Assessments
Patients were evaluated at the outpatient rheumatology clinic at the time of study entry and at every follow-up visit at weeks 8, 12, 20, 24, 36, and 52 and every 3 months thereafter. If a patient was in clinical remission after at least 2 years followup, the visit frequency was reduced to every 6 months. Informed consent, patient characteristics (e.g., symptom duration, marital status, education, employment, children, housing, alcohol use, smoking, soft drug use), and the ACR 1987 criteria for the classification of rheumatoid arthritis were completed at the baseline visit.
At each visit, clinical data were collected, including the DAS28 (consisting of a 28 tender joint count (TJC28), 28 swollen joint count (SJC28), ESR, and the patient rating for general health on a 100-mm visual analogue scale (VAS-GH) [15] . DAS28 assessments were performed by trained rheumatology nurses. Additionally, patients completed several patient-reported outcome measures, including the Dutch version of the Health Assessment Questionnaire-Disability Index (HAQ-DI) [19, 20] . The HAQ-DI measures physical disabilities over the past week in 8 categories of daily living. The total score ranges from 0 to 3, with higher scores indicating more disability. Data collection was facilitated by a webbased entry and monitoring application for the physicians and nurses as well as for the patients.
Healthcare costs were collected and calculated based on the methods used in a previous study in this cohort [16] . In this study, costs were determined by retrieving volumes of hospital-related care (i.e., consultations with the rheumatologist and the rheumatology nurse, telephonic consultations, and hospital admissions) from the hospital information system, and medication (based on dosage and administration period) use was retrieved from the study database. Medications included in the cost analysis were MTX, SSZ, adalimumab, etanercept, and infliximab. Each visit, telephone consultation, hospital admission, and medication were multiplied by the cost prices for each volume of care to calculate costs. The standard cost prices from the Dutch Guideline for Cost Analyses were used for hospital-related care [21] . The price, based on personnel, material, and overhead costs of day care hospital admissions required for treatment with infliximab or rituximab, was estimated at a mean of €122 per day (on top of the medication costs). Cost prices for medication were retrieved from the Dutch national tariff list provided by the Dutch Board of Health Insurances. The base year was 2011 for all prices. Prices retrieved from other years were converted to 2011 Euros using the general Dutch consumer price index [22] .
Since previous studies used different time frames for defining early remission, three cutoffs (2, 3, and 6 months after baseline) were considered for all analyses of early remission. For long-term follow-up, only the 1-, 3-, and 5-year data were used. As the DREAM remission induction cohort is an observational study in daily clinical practice, the following time windows were used for the different fixed time points in the current analysis: 0 to 2 weeks (baseline), 6 to 10 weeks (2 months), 10 to 14 weeks (3 months), 20 to 28 weeks (6 months), 42 to 54 weeks (1 year), 18 to 30 months (2 years), 30 to 42 months (3 years), and 54 to 66 months (5 years). In case of multiple records within a time window, the record closest to the actual time point was retained for analysis.
Statistical analysis
Continuous variables are summarized as mean and standard deviation (SD). Categorical variables are expressed as numbers and percentages of observations with non-missing values. Baseline and 1-, 3-, and 5-year disease activity and disability scores were compared between patients categorized as early responders, i.e., being in early clinical remission defined as DAS28-ESR < 2.6 or not at 2 months, 3 months, or 6 months, respectively. Similarly, for the subsample of patients with available healthcare resource usage cost data, cumulative medication costs and resource costs at 2 and 3 years were compared between patients using the same definitions of early remission. Statistical differences in baseline characteristics and long-term clinical and cost outcomes between remission status groups were performed using the Pearson chi-square tests for categorical variables and Welch's t tests for continuous variables. Since the cost data were non-normally distributed, additional non-parametric bootstrapping was used to check on the robustness of the parametric standard tests. For this, 95% bootstrap (1000 samples) bias-corrected accelerated (BCa) intervals were calculated for group mean differences in costs. Missing values were not imputed, and for the analyses of both continuous and categorical endpoints, only patients who had a baseline and at least one subsequent post-baseline valid observation for the variable of interest were included in the analysis.
Results
Population and follow-up
Out of 534 patients included in the DREAM remission induction cohort, data from 471 patients with a potential follow-up of 5 years were available for analysis. Baseline characteristics of the patients are listed in Table 1 . All patients had active disease at baseline. Median symptom duration was 13 (IQR = 8-30) weeks. More than half of the patients were anti-cyclic citrullinated peptide antibody (anti-CCP)-positive and more than 75% fulfilled the 1987 ACR criteria for RA [23] . Using the current European League Against Rheumatism (EULAR) definition [24] , 16.1% of the patients already had erosive disease at baseline.
There were no dropouts during the first year of the study, but at 3 and 5 years, 103 (21%) and 150 (32%) patients, respectively, had no follow-up measurements. Patients who dropped out had significantly lower mean DAS28-ESR scores than non-dropouts at baseline (4.27 vs. 4.64, P = 0.03), but not at 12 months (2.42 vs. 2.46, P = 0.77). None of the other continuous baseline or 12-month variables were associated with dropping out.
Mean (SD) DAS28-ESR scores decreased from 4.56 (SD = 1.38) at baseline to 2.46 (1.04; n = 431) at 1 year. Similar mean DAS28-ESR scores were observed at years 3 (mean = 2.36; SD = 1.11; n = 365) and 5 (mean = 2.29; SD = 1.05; n = 321). Mean HAQ-DI scores showed a similar pattern, with mean scores decreasing from 0.91 (0.65; n = 429) at baseline to 0.52 (0.55; n = 371), 0.53 (0.58; n = 296), and 0.55 (0.56: n = 231) at 1, 3, and 5 years, respectively. 
Association between early remission and clinical outcomes
As might be expected, patients being in remission at 2, 3, or 6 months had, on average, lower baseline DAS28-ESR and HAQ-DI scores (Table 1) . However, for all definitions of early remission, disease activity scores and functional disability scores for patients not achieving early remission scores remained substantially higher throughout the full follow-up (Table 2) . One-year, 3-year, and 5-year DAS28-ESR and HAQ scores tended to be lowest in those patients who were already in remission at 2 months. Although the absolute difference in follow-up disease activity and disability between early responders and non-early responders tended to decrease over the follow-up time points, differences were still statistically significant for those patients completing the 5-year follow-up. Similarly, being in early remission was significantly associated with being in remission at 1 and 3 years (Fig. 2) . Across the different time points of early remission, 74.3 to 83.0% of patients with early remission were also in remission at 1 and 3 years. In contrast, of those patients not in early remission, only 37.7 to 56.7% achieved remission later on. This difference was still present, but no longer significant, for remission status at 5 years.
Association between early remission and healthcare costs
Mean (SD) total medication costs per patient were €3342.09 (€7203.19) and €4427.07 (€10,767.48) for 0-2 years and 0-3 years, respectively. Mean total resource costs (consultations and admissions) were €1488.31 (€1281.90) per patient at year 2 and €1984.51 (€1496.59) at year 3. Across all different time points, patients who failed to achieve early remission had substantially higher cumulative medication costs over the first 2 years (Table 3 ). The absolute difference was mainly driven by biologic medication use, although mean costs for conventional synthetic DMARDs (csDMARDs) were also significantly higher in patients not achieving early remission. Twoyear total medication costs tended to be lowest for those who already achieved remission within 2 months of treatment. Mean consultation costs were also slightly, but significantly, higher for those not achieving early remission. Cumulative total resource costs at 2 years were only significantly different between patients with or without early remission at 3 or 6 months. Mean costs in the subgroup of patients with cumulative 3-year cost data showed very similar results, with still significantly higher total medication costs and consultation costs for those who did not achieve early remission (Table 4) .
Discussion
The aim of the current study was to, retrospectively, describe the long-term outcomes for early RA patients who did or did not achieve early remission in a real-world T2T strategy. Taken together, the findings consistently suggest that Table 2 Long-term disease activity and physical disability in patients with or without early remission P value from Welch's t tests DAS28-ESR Disease Activity Score based on 28-joint count calculated using the erythrocyte sedimentation rate, ESR erythrocyte sedimentation rate, HAQ-DI Health Assessment Questionnaire-Disability Index achieving early remission in T2T patients is associated with better clinical and functional outcomes and lower healthcare costs in the long term. This study is, to our knowledge, the first to explore the benefits of early remission in real-world patients receiving protocolized T2T therapy. The findings confirm previous studies that have demonstrated the importance of early remission for long-term outcomes in clinical trials [11, 12] and in observational studies [9, 10, 13] of early RA patients receiving conventional, non-protocolized treatment and suggest that the level of early treatment response in T2T may determine a patient's future outcomes and costs.
Since previous studies have used different time frames for defining early remission or response, this study also examined different time cutoffs for early remission. Regardless of using a cutoff of 2, 3, or 6 months, the results showed similar associations with long-term disease activity, functional disability, and costs. Outcomes tended to be best for those already in remission at 2 months.
First of all, early remission was consistently associated with lower disease activity up to 5 years and a significantly higher proportion of patients in clinical remission up to 3 years of follow-up. This corresponds with previous studies that showed that the level of disease activity during the first 3 months [11] or response during the first 6 months [12, 25] of treatment was strongly related to the level of disease activity at 1-, 2-, and 5-year follow-up, respectively. Moreover, a study in daily care patients showed that sustained remission was mainly determined by time to remission, irrespective of the type of treatment [9] . The association between time to remission and sustained remission in early RA patients was recently confirmed in another observational cohort study [10] . Patients achieving early remission in the current study also had better functional ability for up to 5 years of follow-up. Although previous studies did not specifically examine associations with long-term self-reported physical function, this finding indicates that early remission is also beneficial for patient-reported outcomes.
Interestingly, in the current study, aCCP-positive patients tended to be more likely to achieve remission at 6 months than aCCP-negative patients. These patients may be more representative of the core disease processes of RA and therefore more responsive to DMARDs than aCCP-negative patients with polyarthritis.
Besides clinical and functional outcomes, the study also explored potential cost benefits of achieving early remission. No previous studies have attempted to relate the clinical benefits of early remission in T2T to achieve healthcare cost reductions. The findings of this study showed that early remission was, as would be expected based on the treatment protocol, indeed associated with substantially lower medication costs, especially when comparing patients in remission vs. not in remission at 2 months. For patients not in remission at 2 months, 2-and 3-year medication costs were around ten times higher. This difference was mainly driven by the use of more biologics in this group, but the 2-and 3-year costs associated with csDMARDs were also significantly higher for patients not achieving early remission.
The current finding that early remission-even in a treatment strategy that is already specifically targeted at achieving remission as soon as possible-is still associated with better long-term outcomes for patients and lower costs may have Fig. 2 Proportions of patients in remission (DAS28-ESR < 2.6) at 1, 3, and 5 years of follow-up, stratified by having achieved early remission at 2 months (top), 3 months (middle), or 6 months (bottom). P values are for chi-square tests of differences in proportions of patients in follow-up remission (yes/no) by early remission status (yes/no) implications for current T2T treatment guidelines and protocols. For instance, Aletaha et al. [11] suggested that it may be beneficial to already switch to alternative therapies if patients are not in remission after 3 months of therapy with csDMARDs. In 2012, DREAM started a new remission induction cohort in which early RA patients are treated according to an even more intensive T2T remission protocol, starting with initial csDMARD combination therapy and switching to biologic after 4 months, in the case of moderate to high disease activity [26] . First-year results showed that this new protocol indeed resulted in an even shorter median time until remission [27] .
A strength of the DREAM remission induction cohort and the current study is the short symptom duration of the patients at the time of inclusion and treatment initiation. In the literature, the time durations used to define early RA have varied widely, with durations as long as 2-3 years [28] . The window of opportunity hypothesis, however, refers to the very early phase of the disease. With a median symptom duration of only 13 weeks, patients in the current study can be considered to represent Btrue^early RA patients.
It should be noted that the analyses were done retrospectively, using a relatively small sample of patients. However, the DREAM remission induction cohort is an observational study of early RA patients treated in daily clinical practice, in contrast to clinical trials with often strict inclusion criteria, potentially making the results more generalizable to patients seen in real-life routine care [29, 30] . Also, the DREAM remission induction cohort had already started in 2006 at which timeless evidence was available about the effectiveness of different T2T strategies. Consequently, several treatment steps of this specific protocol are not fully in line with the current EULAR recommendations for the management of RA [17] . For instance, the protocol did not include the option of leflunomide as an alternative or additional csDMARD in the case of non-response to MTX and allowed low-dose prednisolone administration only. Therefore, some caution should be taken in generalizing the current findings to other, more recent T2T strategies.
Given the exploratory nature of this post hoc study, analyses were mostly descriptive and statistical tests were applied independently to the different follow-up time points. Also, because values were likely not to be missing at random, missing data were not imputed. Finally, given the limited sample size, group comparisons were not adjusted for potentially confounding response modifiers. Taken together, these limitations In future studies examining the impact of early remission in real-world T2T settings, propensity score matching or adjustment in larger datasets may be useful to compare early remission status groups or other relevant subgroup analyses. For instance, we explored differences in outcomes between patients who remained on csDMARDs vs. those who were moved to bDMARD therapy, but the sample sizes of the subgroups in the current dataset were too small to allow a meaningful analysis.
For the current study, cost data were only available for a subgroup of patients and only for arthritis-related medications, rheumatology visits, and consultations. The latter limitation means that the current healthcare costs presented in this study may underestimate the true healthcare costs of early RA patients receiving T2T therapy. Moreover, there were no data on other costs of RA such as costs associated with work disability, and the potential benefits of achieving early remission for those costs. For instance, Puolakka et al. [31] showed that early induction of remission predicted a patient's ability to continue working, thus lowering the costs to society. Therefore, the actual total benefits of achieving early remission in terms of both economic costs and patientrelated consequences are likely to be larger than the findings reported in this study.
In summary, this retrospective study showed that achieving early remission in T2T patients was associated with beneficial outcomes for patients and lower costs in the long term. This finding in a real-world cohort of patients suggests that there may be opportunities to even further improve the treatment of early RA patients in daily clinical care.
Compliance with ethical standards
In accordance with Dutch Law on medical-scientific research with humans, no ethical approval was required because all data were collected in the course of regular daily clinical practice. Nonetheless, patients were fully informed and written informed consent was obtained from all patients.
Disclosures Walid Fakhouri, Inmaculada de la Torre, and Claudia Nicolay are employees and stockholders of Eli Lilly and Company. The other authors have no disclosures to report. 
